Abstract: Chiral chromans and flavanones derivatives are widely exist in plants, asymmetric synthesis of biological active chiral flavanone and chromanone derivatives is a valuable research field. A chroman derivatived (+)-(S,R,R,R)-Nebivolol ( 1-adrenergic receptor blocker) has been synthesized by natural chiron and sulfoxide-directed method recently. Enantioselective method for the synthesis of flavanones and chromanones by the oxa-Michael addition and other cyclization reactions are described, asymmetric Michael-Michael cascade reaction for the construction of chiral chromans provideas a novel method in the synthesis of chiral flavanones and chromanones. Trost's AAA reaction (Pd-catalyzed asymmetric allylic alkylation) provides a novel strategies in the synthesis of flavanones and chromanones.
INTRODUCTION
Chiral flavanone and chromanone derivatives widely exist in plants, their remarkable biological activities have become one of the highlights of biochemistry and organic chemistry. A review paper published by Scheidt covered the asymmetric organocatalytic cyclization and cycloaddition reactions of the synthesis of flavanones and chromanones, but, catalytic asymmetric cascade Michael reactions and especially Trost's Pd-catalyzed asymmetric allylic alkylation (AAA reaction) as well as some novel cyclization reactions for the construction of chiral chromans and flavanones were not included in this reviews [1] . Moyano and Rios reviewed asymmetric organocatalytic cyclization and cycloaddition reactions [2] , in their review did not include asymmetric synthesis of flavanones and chromanones [2] . In this review, important advances focused on all of the asymmetric synthetic methods of chiral flavanone and chromanone derivatives have been analyzed and summarized, lots of references cited are from 2007 to 2012. This review about asymmetric synthesis flavanone and chromanone derivatives would be of great benefit to organic chemists.
ASYMMETRIC SYNTHESIS OF CHROMAN DERIVA-TIVED (+) -(S,R,R,R)-NEBIVOLOL BY NATURAL CHIRON AND SULFOXIDE-DIRECTED REDUCTIVE DEOXY-GENATION
Chroman derivatived (+) -(S,R,R,R)-Nebivolol, a 1-adrenergic receptor blocker with antihypertensive activity, which is a pseudosymmetrical molecule with four asymmetric carbon atoms, has been synthesized successfully by natural chiron in mild conditions in our group in 2007 [3a] (Scheme 1).
In our synthetic strategy [3a] , the reaction of 1 with 2 yielded a diastereoisomeric mixture of (S,R)-3a and (R,R)-3b (60:40), separated easily by chromatography since (S,R)-3a and (R,R)-3b are two diastereoisomers. Actually, coupling of the derivatives of (S,R)-3a and (R,R)-3b (6 and 5b in Scheme 1) generated (+)-(S,R,R,R)-Nebivolol efficiently with good atom economy [3a] . A high evaluation was given to our synthetic method [3c] .
D-mannitol as natural chiral pool to prepare the chiron (R)-2,3-isopropyrideneglycerolaldehyde 1 with 100% atom economy, and NaIO 4 was used as oxidant to produce (R)-2,3-isopropyrideneglycerolaldehyde 1, which is also a green chemistry method [3b] (Scheme 2).
It is worth noting that (R,S,S,S)-Nebivolol isomer can be synthesized with L-mannitol as natural chiral pool in our strategies and tactics [3a] . (R,S,S,S)-Nebivolol isomer has a significant synergistic effect on the antihypertensive efficiency of the (S,R,R,R) Nebivolol [3a] .
A homochiral sulfoxide-directed reductive deoxygenation of 2-(p-tolylsulfinyl)methyl-2-chromanols allows the stereoselective formation of 2H-chromans, this methodology was reported in enantioselective synthesis of the (S,R,R,R)-enantiomer of the antihypertensive drug Nebivolol in 2008 [4a] (Scheme 3).
The synthesis of 2H-chromans by Et 3 SiH/TMSOTf reductive deoxygenation was also reported, and electron-withdrawing substituents on the sulfoxide (pNO 2 Ph) or on the aromatic moiety of the dihydrobenzopyran (6-F) are compatible and lead to good diastereoselectivities [4b]. Actually, application of chiral sulfoxides in the enantiospecific synthesis of the chroman ring of -tocopherol (vitamin E) was first reported in 1984 by Solladie's group [4c].
ASYMMETRIC SYNTHESIS OF CHROMAN DERIVA-TIVES BY MICHAEL ADDITION REACTIONS
Scheidt first reported an enantioselective method for the synthesis of flavanones and chromanones by the oxa-Michael addition in 2007 [5] (Scheme 4).
Feng reported a highly enantioselective synthesis of flavanones by asymmetric intramolecular oxa-Michael (IOM) addition using a chiral N,N'-dioxide nickel(II) complex in 2008 [6a] . A series of representative olefin substrates (15a-15k) were investigated, and the corresponding products (16a-16k) were obtained in high yields 
TMSOTf (2 equiv.) and with up to 99% ee ( Table 1 ). In the case of electron-poor substituents (16b-16e), the catalyst system Ni(L)(Tfacac) 2 ·2H 2 O led to excellent yields and enantioselectivities ( Table 1 , entries 2-5, 90-98% yields, 92-99% ee) [6] (Table 1 ) [6] .
Other organocatalytic intramolecular oxa-Michael additions for the construction of chiral flavanone and chromane skeletons were also reported [7] .
ASYMMETRIC SYNTHESIS OF CHROMAN DERIVA-TIVES BY MICHAEL-MICHAEL CASCADE REACTIONS
In 2009, Wang and coworkers first reported the catalytic asymmetric Michael-Michael cascade reaction for the construction of chiral chromans [8] (Scheme 5).
In 2010, Xiao reported organocatalytic asymmetric sulfaMichael-Michael addition reactions for the synthesis of highly substituted chiral chromans [9] , As shown in ( Table 2) , regardless of their substitution pattern and the electronic nature of their aromatic system, the cascade sequence proceeded smoothly to provide highly substituted chiral chromans with a quaternary stereocenter in good yield (74-91%), high enantiomeric excess (89-92% ee), and excellent diastereoselectivity (> 95:5 d.r.) [9] (Table 2) [9] .
Gong also reported organocatalytic asymmetric tandem Michael-Michael addition to synthesize chiral chromanes and 4H-chromenes [10] . The steric hindrance of the R group for aliphatic aldehydes lowered the reaction rate to some extent (Table 3) [10] .
A cascade Michael addition and Aldol reaction for the synthesis of 4-substituted chromanols was reported recently [11] . After opti- [d] The absolute configuration of 22a was determined by X-ray analysis; refer to reference [17] .
[e] Run for 48 h. Bn=benzyl. mal reaction conditions was established by chiral organo-catalysts, the scope of various malonates (27a-27d) to o-hydroxycinnamaldehyde (26) was explored, which showed high reactivity and excellent enantioselectivity [11] (Table 4) [11] . Synthesis of 2,3-ring-substituted chromanones by an organocatalytic aldol/oxa-Michael reaction was also reported [12] . Pellissier reviewed recent development in asymmetric organo-catalytic domino reactions, the synthesis of 4-amino-4H-chromenes through the domino oxa-Michael-aza-Baylis-Hillman domino reaction was reviewed [13] .
ASYMMETRIC SYNTHESIS OF CHROMAN DERIVA-TIVES BY NOVEL CYCLIZATION REACTIONS
Shi and He first reported an Au-catalyzed cycloalkylation of electron-rich arenes with epoxides to prepare 3-chromanols in 2004 [14] . Substrate 29 was employed as a probe to examine the stereoselectivity of the reaction. Product 30 was produced and crystallized in high yield (82% isolated yield) (Scheme 6).
Thiourea/AuCl 3 -catalyzed cycloalkylation of aryl epoxides in the synthesis of chroman derivatived catechin was reported in 2008 [15] . Some other asymmetric synthetic tactics to chiral chromans and flavanones were also reported [16a-16m]. Rovis developed a highly enantio-and diastereoselective intramolecular Stetter reaction on a variety of trisubstituted Michael acceptors, the relative diastereoselectivity can be controlled by the olefin geometry of the Michael acceptor, and varying the electronic nature of the chiral catalyst triazolinylidene carbene can lead to increased enantio-and diastereoselectivity [16n] (Scheme 7).
Noda developed an efficient synthesis of optically active flavanone from readily available starting materials. Diol compound 33 can be synthesized by C,C-bond formation reaction. By the cyclization reaction (Scheme 8), the absolute configuration was converted completely by an S N 2-type nucleophilic displacement, cyclized compound 34 was hydrolyzed in aqueous MeCN with HgCl 2 in the presence of CaCO 3 to afford the flavanone product [16o].
Synthesis of chromanes through RCM -transfer hydrogenation (RCM: Ring-Closing Metathesis) was also reported, a sequential ruthenium-catalyzed ring-closing metathesis-transfer hydrogenation sequence has been established as a synthesis of chromanes starting from 2 -(allyloxy)styrenes, but asymmetric reactions for the construction of chiral chromanes was not included in this study [17] .
ASYMMETRIC SYNTHESIS OF CHROMAN DERIVA-TIVES BY AAA (PD-CATALYZED ASYMMETRIC AL-LYLIC ALKYLATION) REACTION
Trost's AAA reaction (Pd-catalyzed asymmetric allylic alkylation) provides a novel method in the synthesis of chiral flavanones and chromanones. In 2003, Trost first reported that pd-catalyzed asymmetric allylic alkylations for the synthesis of chiral chromans, the remarkable influence on enantioselectivity induced by acetic acid as an additive and by the olefingeometry of the substrates was observed [18] . In 2004, Trost reported the mechanism of Pdcatalyzed asymmetric allylic alkylation (AAA) reaction in the synthesis of chiral chromans. 
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Mismatched ionization Scheme 9. Working model for the pd-catalyzed intramolecular AAA reaction of trans trisubstituted allyl carbonates [19] .
allyl palladium diastereomeric intermediate as the enantiodiscriminating step was suggested [19] (Scheme 9). The (R, R)-ligand 35 was exemplified in (Scheme 9). The flaps and walls of the chiral scaffold represent the phenyl groups of the triarylphospine moiety. The trans-allyl carbonate (36a, 36b, or 36c) generates syn--allyl palladium complex 38. To the extent cyclization occurs from intermediate 38, and 38 invokes a disfavored steric interaction between the large substituent bearing the phenol nucleophile and the wall of the chiral scaffold, actually the cyclization of intermediate 38 subject to "mismatched" cyclization. The equilibration of intermediate 38 leads to 40 via a --process. Intermediate 40 is considerably less encumbered because the large substituent is under the right front flap, the nucleophilic attack from under the flap is not blocked comparing to the cyclization of intermediate 40.
We believe that Trost and his coworkers have contributed a great deal to the asymmetric synthesis of chroman derivatives by AAA reaction and especially to related organic chemical theories.
(-)-Siccanin possessing significant antifungal properties, which was synthesized enantioselectively in Trost's group in 2004, chiral chroman moiety of (-)-siccanin was prepared based on their Pdcatalyzed asymmetric allylic alkylation (AAA) of phenol trisubstituted allyl carbonates [20a] . Actually, in 1998, Trost reported a catalytic enantioselective synthetic approach to chromans and chromanols in their total synthesis of (-)-calanolides A and B and the vitamin E nucleus [20b].
CONCLUSION
Chroman derivatived (R,R,R)--tocopherol is prominent and biologically active naturally occurring member of the compounds covered by the term vitamin E. Synthesis of (R,R,R)--tocopherol employing substrate-bound reagent-directing groups (RDG) recently was also reported [21] .
Asymmetric synthesis of biological active chiral flavanone and chromanone derivatives become a hot research topic recently. Recently lots of papers reported about some new research of flavanone and chromanone derivatives [22] . Synthesis of chiral flavanone and chromanone derivatives not only provide the possibility for human to discover and develop the new biological active compounds, but also provide the targets to synthesize complicated compounds by using new methods and new reactions.
In order to improve the stereocontrol effect and obtain a high yield and high e.e.value of chiral flavanone and chromanone derivatives, especially when the -position of carbonyl is connected with electron donating groups in the cyclization reactions, the range of the chiral catalysts would be expanded, and some novel methods and new reagents would be explored.
